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(57) ABSTRACT

A resin-sealed module 1s provided which reduces the war-
page ol a substrate and the detachment between a sealing
resin and the substrate which occur during re-retlow, has the
excellent flatness of the top and bottom surfaces, and
reduces the occurrence of the short failures. A resin layer
made of a thermoplastic resin 1s arranged on top of a
substrate, and a resin layer made of a thermosetting resin 1s
arranged on top of this resin layer, thereby reducing the
warpage ol the substrate and the detachment between the
sealing resin and the substrate which occur during re-reflow.

3 Claims, 3 Drawing Sheets
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1
RESIN SEALED MODULE

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to a resin-sealed module 1n
which electronic components are sealed with the resin.

Description of the Related Art

As a resin-sealed module according to the related art, for
example, a module described in Patent Document 1 1is
known. Hereinafter, the resin-sealed module described in
Patent Document 1 will be illustrated with reference to FIG.
3. FIG. 3 1s a cross-sectional view of the resin-sealed
module.

A resin-sealed module 100 includes an insulating sub-
strate 101, and a sealing resin layer 103 made of a thermo-
setting resin. An IC chip 104 and an electronic component
105 mounted onto the insulating substrate 101 as described
below are embedded 1n the sealing resin layer 103. A wiring
conductor 102 1s formed on the insulating substrate 101. The
IC chip 104 1s electrically connected to the wiring conductor
102 by a solder bump 106. An electrode terminal 107 of the
clectronic component 105 1s electrically connected to the

wiring conductor 102.
Patent Document 1: Japanese Unexamined Patent Appli-

cation Publication No. 2007-042829

BRIEF SUMMARY OF THE

INVENTION

In the resin-sealed module 100 mentioned above, the
sealing resin layer 103 that contacts the substrate 101 1s
made of a thermosetting resin. Therefore, there 1s a possi-
bility that during the re-reflow for mounting the resin-sealed
module 100 onto another substrate or the like, warpage
occurs 1n the msula’[mg substrate 101 owing to a diflerence
in the thermal expansion coeflicient between the 1nsulating
substrate 101 and the sealing resin layer 103. There 1s also
a possibility that during the re-reflow, the solder bump 106
jommng the insulating substrate 101 and the IC chip 104
melts and expands, and the resulting stress causes the
detachment between the sealing resin layer 103 and the IC
chip 104, or between the seahng resin layer 103 and the
insulating substrate 101. There 1s a possibility that a short
tailure occurs as a result.

In view of the above-mentioned circumstances, i1t 1s an
object of the present mvention to provide a resin-sealed
module whose resin layer arranged on top of a substrate 1s
formed by two resin layers including a resin layer made of
a thermoplastic resin and a resin layer made of a thermo-
setting resin, thereby reducing the warpage of the substrate,
and the detachment between the resin layer and an electronic
component or between the resin layer and the substrate
which may occur during re-reflow.

A resin-sealed module according to the present invention
includes a substrate that includes an external electrode, an
clectronic component that 1s arranged on top of the substrate,
and mounted onto the substrate by a solder, a first resin layer
that 1s arranged on top of the substrate, and 1n which at least
the solder 1s embedded, the first resin layer being made of a
thermoplastic resin containing an inorganic {iller, and a
second resin layer that 1s arranged on top of the first resin
layer, the second resin layer being made of a thermosetting
resin containing an inorganic filler.

Because the resin layer that contacts the substrate 1s made
of a thermoplastic resin, when the substrate undergoes
thermal expansion during the re-retlow for mounting this
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resin-sealed module onto another substrate or the like, the
warpage of the substrate can be reduced by softening of the
resin layer.

Because the resin layer made of a thermosetting resin 1s
provided on top of the resin layer made of a thermoplastic
resin, 1t 1s possible to reduce the softeming and the flowing
of the thermoplastic resin during the re-retlow, thereby
keeping the shape of the resin layer. Further, because the
resin layer made of a thermoplastic resin 1s covered by the
resin layer made of a thermosetting resin, 1ts laser printabil-
ity 1s not impaired.

In the resin-sealed module according to the present mnven-
tion, a soitening temperature of the thermoplastic resin that
forms the first resin layer 1s preferably equal to or lower than
a melting point of the solder.

In this case, the solder portion joining the substrate and
the electronic component 1s sealed with the resin layer made
ol a thermoplastic resin. Therefore, even 11 the solder melts
and expands and stress occurs during the re-reflow, the resin
layer that has softened makes it possible to relieve the stress.
As a result, 1t 1s possible to reduce the detachment between
the resin layer and the substrate, and between the resin layer
and the substrate.

According to the present invention, the resin layer that
contacts the substrate 1s made of a thermoplastic resin.
Therefore, when the substrate undergoes thermal expansion
during the re-retlow for mounting this resin-sealed module
onto another substrate or the like, the warpage of the
substrate can be reduced by the softeming of the resin layer.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a schematic view illustrating the cross-section of
a resin-sealed module according to an embodiment of the
present mvention.

FIG. 2 1s a cross-sectional view 1llustrating a manufac-
turing method for the resin-sealed module according to the
embodiment of the present invention.

FIG. 3 1s a schematic view illustrating the cross-section of
a resin-sealed module according to the related art.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Herematter, a resin-sealed module according to an
embodiment of the present invention will be illustrated with
reference to FIG. 1 and FIG. 2.

A resin-sealed module 1 includes a substrate 2, a first resin
layer 9, and a second resin layer 10.

The substrate 2 1s made of a glass epoxy resin. The
substrate 2 has an external electrode 4, and a land 3 that are
formed on the bottom surface and a surface opposite to the
bottom surface, respectively.

The first resin layer 9 1s made of a thermoplastic resin
such as an acrylic resin containing an morganic filler made
of S10,. The softening temperature of this thermoplastic
resin 1s 100° C. to 200° C. The first resin layer 9 1s arranged
on the surface of the substrate 2 on which the land 3 1is
formed. An IC § and a capacitor 6 are embedded 1n the first
resin layer 9. The IC 5 1s connected to the land 3 formed on
the substrate 2 by a solder bump 7. The capacitor 6 1s
connected to the land 3 by a solder 8.

The second resin layer 10 1s made of a thermosetting resin
such as an epoxy resin contaiming an inorganic filler made of
S10,. The second resin layer 10 1s arranged on the surface
of the first resin layer 9 opposite to the substrate 2.



US 9,583,409 B2

3

Since the reflow temperature during the re-reflow for
mounting the resin-sealed module 1 onto another substrate
or the like 1s 220° C. to 260° C., the substrate 2 thermally
expands beyond its glass transition temperature to elongate
mainly 1n the direction of its plane. Because the first resin
layer 9 that contacts the substrate 2 1s made of a thermo-
plastic resin, and 1ts softening temperature 1s 100° C. to 200°
C., the first resin layer 9 softens during the re-reflow.
Because the first resin layer 9 softens, the elongation of the
substrate 2 1s hardly transmitted to the first resin layer 9. As
a result, 1t 1s possible to reduce the warpage of the substrate
2.

The melting point temperature of each of the solder bump
7 and the solder 8 sealed with the first resin layer 9 1is
approximately 220° C. As described above, the softening
temperature of the first resin layer 9 1s 100° C. to 200° C.
Theretfore, when the solder bump 7 and the solder 8 melt and
expand and stress occurs during the re-reflow, because the
first resin layer 9 has already softened, 1t 1s possible to
relieve the stress generated by the melting and expansion of
the solder bump 7 and the solder 8. Consequently, 1t 1s
possible to prevent the detachment between the substrate 2
and the first resin layer 9, between the solder bump 7 and the
first resin layer 9, and between the solder 8 and the first resin
layer 9. As a result, 1t 1s possible to reduce the short failures.

The second resin layer 10 made of a thermosetting resin
1s arranged on top of the first resin layer 9. That 1s, the first
resin layer 9 1s sandwiched by the second resin layer 10 and
the substrate 2. Even if the first resin layer 9 made of a
thermoplastic resin softens during the re-retlow, because the
first resin layer 9 1s sandwiched by the second resin layer 10
and the substrate 2, the flowing of the first resin layer 9 1s
reduced. Moreover, because the top surface of the resin-
sealed module 1s covered with the second resin layer 10
made of a thermosetting resin, 1ts laser printability 1s not
impaired when printing a product symbol or the like (FIG.
1).

Next, a manufacturing method for the resin-sealed mod-
ule according to the present invention will be described with
reference to FIG. 2. FIG. 2 1s a cross-sectional view 1illus-
trating the manufacturing steps for the resin-sealed module
according to the present invention.

First, the substrate 2 made of a glass epoxy resin having
a conductor foil of Cu 1s prepared. This Cu conductor fo1il 1s
etched to form the land 3 and the external electrode 4 as
desired (FIG. 2(a)).

Next, a solder paste 8 1s printed onto a predetermined
portion of the land 3 formed on the substrate 2. The capacitor
6 1s placed on top of the solder paste 8, and then the IC 5 1s
placed, followed by mounting by the reflow (FIG. 2(56)).

Next, a thermoplastic acrylic resin or the like 1s heated
and fludized to prepare a liqud resin. This liquid resin
contains 40% by weight to 90% by weight of an norganic
filer made of S10, for the weight of the liquid resin con-
taining the morganic filler. This liquid resin 1s applied onto
the substrate 2 by dispensing or the like, and the solder bump
7 and the solder 8 are completely covered by the liquid resin.
At this time, the IC 5 and the capacitor 6 may be entirely
covered by the liquid resin, or may be only partially covered
by the liqud resin. Thereafter, air bubbles within the liquid
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resin are removed by vacuum degassing or the like, followed
by cooling the liquid resin to a temperature equal to or below
its melting point. As a result, the liquid resin becomes the
first resin layer 9 (FIG. 2(c)).

Next, a liquid resin made of a thermosetting resin such as
an epoxy resin 1s prepared. This liquid resin contains 40% by
weight to 90% by weight of an 1norganic filer made of S10,
for the weight of the liquid resin containing the 1norganic
filler. This liqud resin 1s applied onto the first resin layer 9
by dispensing or the like so as to completely cover the
portions of the IC 5 and capacitor 6 not covered by the first
resin layer 9. Thereafter, the second resin layer 10 1s formed
by heating and setting the liquid resin (FIG. 2(d)).

While the above description 1s directed to a manufactur-
ing method using a liquid resin made of a thermoplastic resin
or thermosetting resin, 1t 1s also possible to adopt a manu-
facturing method using a sheet-like resin containing a filler.

1 resin-sealed module

2 substrate

3 land

4 external electrode

5 IC

6 capacitor

7 solder bump

8 solder

O first resin layer

10 second resin layer

100 resin-sealed module

101 insulating substrate

102 wiring conductor

103 sealing resin layer

104 IC chip

105 electronic component

106 bump
107 electrode terminal

The mvention claimed 1s:

1. A resin-sealed module comprising:

a substrate including an external electrode;

an electronic component arranged on the substrate, and
mounted onto the substrate by a solder;

a first resin layer arranged on the substrate, wherein at
least the solder 1s embedded 1n the first resin layer, the
first resin layer comprises a thermoplastic resin con-
taining an morganic filler; and

a second resin layer arranged on the first resin laver,
wherein the second resin layer comprises a thermoset-
ting resin containing an inorgamc filler,

wherein the second resin layer 1s in contact with the first
resin layer, no portion of the second resin layer 1s 1n
contact with the substrate, and both of the first and
second resin layers are exposed at side surfaces of the
resin-sealed module.

2. The resin-sealed module according to claim 1, wherein

a softening temperature of the thermoplastic resin equal to or
lower than a melting point of the solder.

3. The resin-sealed module according to claim 1, wherein

the second resin layer 1s arranged on a surface of the first
resin layer opposite to the substrate.
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